The Antenna Balun

What is this thing and why do I need it?

In this chapter we will look at a common component in some transmission systems — the balun. It is
quite common to see a balun in wire antennas of all sizes, production quality, and brand name. Well
what is this thing and why do we need it? Is it good for anything else or is it just for wire antennas?

The term balun is formed from two words: balanced and unbalanced. It can be correctly inferred that
this device services both balanced and unbalanced components. They are generally divided into two
classes: Current Baluns and Voltage Baluns.

Current Baluns

Current baluns allow each output terminal's
voltage, with respect to "ground" or chassis, to
float to any value required to provide equal
currents to each feedline conductor. Current
baluns are universal devices that work with
balanced or unbalanced loads equally well.
Current baluns add common-mode isolation
between systems connected at each end.
While traditionally used as baluns, they work
well as broadband phase-invertors or as an
unun.

Current baluns isolate or add impedance to Coax Choke Balun Courtesy G4APL
unwanted common-mode current paths,

reducing or controlling common-mode current. Current baluns are the balun of choice in all but very
specialized situations, because they work better than voltage baluns in most real-world systems.

In the case of a 1:1 ratio current balun, core flux density or "magnetizing stress" on the balun core is
independent of load impedance or load mismatch. Only common-mode current affects the core.

This does not mean current baluns can handle
infinite power or mismatch, but it does mean
for equal materials and cost they handle
extremes in impedance much better than
baluns that operate at higher ratios.

Voltage Baluns

Voltage baluns always try to force the output

. terminals to equal voltages. They sometimes
introduce phase shift between each output
terminal and "ground". If the impedance
presented at each terminal is not exactly equal,
Homebrew Toroid Balun feedline or load currents will not be equal and
opposite. This means the feedline will radiate.




They also do not provide common-mode isolation. A voltage balun almost certainly guarantees
some feedline radiation (or reception), because there are very few "perfectly balanced" loads or
perfect voltage baluns.

Unlike a 1:1 ratio current balun, a voltage balun will always magnetize its core in direct proportion

to load voltages. In a voltage balun, load impedance directly affects core heating and flux density. It
might seem intuitive to think that VSWR solutions might involve a voltage type balun. Current baluns,
rather than voltage baluns, should be used whenever possible. Current baluns provide better balance
and often have lower loss. Current baluns, especially 1:1 ratio baluns, tolerate load impedance and
balance variations much better than voltage baluns. Current baluns can also be used as isolators or
unun's.

Autotransformer type

In an autotransformer, two coils on a ferrite rod can be used as a balun by winding the individual
strands of insulated (usually enameled) wire comprising the coil very tightly wound together. This
winding can take one of two forms: either the two windings must be wound such that the two form a
single layer where each turn is touching each of the adjacent turns of the other winding; or the two
wires are twisted together before being wound into the coil.

The two windings are joined to become a single coil. The end of one of the windings on one side of the
coil is connected to the end of the other winding on the other side of the coil. This point then becomes
the ground for the unbalanced circuit. One of the remaining ends is connected to the ungrounded side
of the unbalanced circuit, and one side of the balanced circuit. Finally, the other side of the balanced
circuit is connected to the remaining end.

Classical transformer type
Isolated transformers have a real impedance at a resonance frequency where self-inductance and self-
capacitance for each individual winding cancel themselves out.

Transmission-line transformer type
Baluns can be considered to be simple forms of transmission line transformers.

A more complex (and subtle) type results when the transformer type (magnetic coupling) is combined
with the transmission line type (electro-magnetic coupling). This is where whole transmission lines are
used as windings, resulting in devices capable of very wideband operation. This whole class known
generally as "Transmission Line Transformers" spawn their own huge variety. Very commonly, they use
small ferrite cores in toroidal or "binocular" shapes. Something as simple as 10 turns of coaxial cable
coiled up on a diameter about the size of a dinner plate makes an extremely effective choke balun for
frequencies from about 10 MHz to beyond 30 MHz. The magnetic material may be "air", but it is a
transmission line transformer.

Homemade 1:1 balun using a toroidal core and coaxial cable. This simple RF choke works as a balun
by preventing signals passing along the outside of the braid. Such a device can be used to cure
television interference by acting as a so-called “braid-breaker”.

The Guanella transmission line transformer is often combined with a balun to act as an impedance
matching transformer. Putting balancing aside a 1:4 transformer of this type consists of a 75 Ohm
transmission line divided in parallel into two 150 Ohm cables, which are then combined in series for
300 Ohm. It is implemented as a specific wiring around the ferrite core of the balun.



Delay line type

A large class of baluns uses connected transmission lines of specific lengths, with no obvious
"transformer" part. These are usually built for (narrow) frequency ranges where the lengths involved
are some multiple of a quarter wavelength of the intended frequency in the transmission line medium.
A common application is in making a coaxial connection to a balanced antenna, and designs include
many types involving coaxial loops and variously connected "stubs".

One easy way to make a balun is a one-half wavelength (A/2) length of coaxial cable. The inner core of
the cable is linked at each end to one of the balanced connections for a feeder or dipole. One of these
terminals should be connected to the inner core of the coaxial feeder. All three braids should be
connected together. This then forms a 4:1 balun which works at only one frequency.

Another narrow band design is to use a A/4 length of metal pipe. The coaxial cable is placed inside the
pipe; at one end the braid is wired to the pipe while at the other end no connection is made to the pipe.
The balanced end of this balun is at the end where the pipe is wired to the braid. The A/4 conductor acts
as a transformer converting the infinite impedance at the unconnected end into a zero impedance at the
end connected to the braid. Hence any current entering the balun through the connection, which goes to
the braid at the end with the connection to the pipe, will flow into the pipe. This balun design is not
good for low frequencies because of the long length of pipe that will be needed. An easy way to make
such a balun is to paint the outside of the coax with conductive paint, then to connect this paint to the
braid.

Balanced Antennas

Most hams think of a balanced antenna component as something like a loop wire antenna. The truth is
that any dipole antenna (antenna with two connections not connected to ground) is a balanced
component. Balanced referring to a device that demands relatively equal currents from both feedpoint
terminals. Examples of balanced feedpoint antennas are; Beams, Yagi’s, dipoles, wire loops and
quagt’s.

Unbalanced Antennas

When one antenna feedpoint connection is to ground, the antenna is generally considered to be
“unbalanced”. That is to say RF tends to flow on the radiating element and the current for the other
connection is in, or along the surface of the ground. Examples of this type antenna are: Vertical
monopole and trapped vertical antennas or single wire vertically erected antennas such as the inverted
“L” and others.

Other types of antennae

There are some types of antennas that seem to defy simple definitions. Take for example the so-called
Carolina Windom. The Windom dipole is an off-center fed dipole. That is, one side is generally longer
than the other measured from the feedpoint connections. This particular antenna takes advantage of a
phenomenon whereby feedpoint impedance increases as you move away from the center of a dipole.
This off-center placement allows a balun to have a higher matching ratio than the normal 1.5:1 used on
most dipoles. Currents do not flow equally in both feedline connections, necessitating the use of the
balun to connect to the unbalanced coaxial feedline and to prevent common mode radiation. The balun,
antenna wire connections, and coax connection, is normally built into the center mounting hardware. A
certain length of impedance matching coax of higher impedance is also used to bring the resulting



impedance to more closely match 50 ohms. In some versions, this coax acts as a broadband feedline
balun instead of the usual transformer type.

The G5RV antenna is similar with the exception that a length of open twin wire feed line or “ladder
line” is used to create a broadband feedline balun before connecting to the coax. Both types of antennas
are world renown for their unique characteristics in the 40 meter and 20 meter bands. There is even a
17 meter DX version available from some suppliers and homebrew designs are online.

Vertical antennas and the Balun

So what about the vertical antenna? Does it need a balun? The short answer is no. But it is more
involved than that. Vertical antennas carry RF currents just as beams and dipoles. The major difference
is that one of the feedpoints is ground. Quite often, vertical antennae are directly connected to the
coaxial feedline. However, it is possible to isolate the antenna from earth ground and the transmitting
system by use of an unbalanced to unbalanced device known as a unun. Just as the balun provides its’
effect by isolation, the unun separates the unbalanced antenna from the unbalanced coax cable through
the same transformer action. In situations where isolation is necessary to combat common mode
currents from ground, the unun is more than appropriate. Common mode currents from ground usually
occur where the resistance of the ground system of the antenna is different than the ground resistance of
the rig. This resistive difference is manifested by a larger potential difference from one end to the other
of the coax. Often this difference is manifested by a buzz or hum in the receiver or the transmitted
signal not originating with the power source.

High SWR and the Balun

Last chapter we talked about the practice of not trying to operate on frequencies where the VSWR is
greater than 6:1 where a balun is used or the transmitter is directly connected to the coax (no tuner).
Aside from the reasons mentioned last time there are a few more where balun and unun devices are
concerned.

Transformers of all types are constructed with isolating properties between turns and between windings
rated at a given voltage. In the days of old when vacuum tubes were common, modulation was
accomplished by passing the final amplifier plate or control grid current through one winding of a
modulating transformer. The other winding of the transformer was for the modulating audio circuit.
These two circuits operated at thousands of volts difference. The windings in this type of transformer
were specially designed to insulate the very high plate voltage of the finals (2000-3500 volts) from the
relatively low audio circuit voltage (150-300 volts). The high-power antenna balun is no different. The
antenna side is isolated from the coax side by high-voltage insulation. Where high VSWR occurs, the
instantaneous voltages that may appear at the antenna terminals my exceed the insulation properties of
the balun or unun. Currents flowing to and from the antenna my also cause a magnetic saturation of the
core if the balun is toroid or powered iron rod.

High SWR and your coax

When dipole antennas experience a high SWR, the resulting voltages (especially at high power) could
be critically high. The maximum voltage rating for most affordable coax is in the neighborhood of
3500-5000 volts. Using Ohms Law for power circuits, we can predict that 50 ohms (e.g. RG-8 coax) at
legal limit power and very high SWR, can (under certain circumstances) produce upward of 20000
volts at the antenna terminals under some circumstances.



It is not hard to see that the maximum voltage or current ratings of a balun or unun can be easily
exceeded under very high VSWR situations. This is not to mention complex problems like saturation
and core losses due to the problems presented by high VSWR.

The same thing is generally true of unbalanced antennas, albeit at much lower voltage expectations.
Here one should worry about overheating or thermal breakdown due to high currents for long periods
of core saturation.

Is it possible to work a dipole that is directly connected to coax? Sure. However, using this
configuration builds in many system inefficiencies that manifest in numerous ways (some of which
may be undesirable or dangerous).



There are four areas of concern in tuner-matched systems:

1. In a multi-band dipole system, the antenna almost never presents a moderate impedance load to
the balun over the full frequency operating range. As the operating frequency changes, balun
load impedance can range from several thousand ohms to a few ohms.

2. Most antenna tuners work best into moderate to high impedances, rather than low impedances.
Most baluns inside antenna tuners step the antenna impedance down. Most tuners would work
better if the balun passed the line impedance through without stepping impedance down.

3. 4:1 Baluns inside antenna tuners, which are usually voltage-type baluns, are generally poor
performers when presented with mismatched loads. 1:1 current baluns are generally much more
efficient and have a much wider operating impedance and frequency range.

4. Voltage baluns have restricted frequency response. The "optimum performance" frequency
range is much narrower in voltage baluns than in equivalent current-type baluns.

Based on the above, a 4:1 balun or any voltage-type balun is the wrong choice for use with antenna

tuners in multi-band dipole systems. Most tuners use them because they are cheap, easy to build,

and because almost everyone else uses them.

More rules of good practice
Let’s add to our rules of good practice:

Rule #5:

When feeding a balanced antenna under uncontrolled conditions, use a balun. The possible exception
might be a beam or yagi. In recent years VHF and UHF beam design has begun to include a coax balun
at the feedpoint in order to minimize RF common mode current on the coax shield. Some have even
gone to the expense of choke baluns constructed of quarter wave cylinders over the outside of the coax
(the “bazooka” choke) all the way to toroid or ferrite bead broadband feedline chokes. Traditionally,
hams who work HF frequencies include a makeshift coaxial-loop choke at the antenna by coiling up a
few turns of coax just below the balun. In a well designed and conservatively used antenna system, this
serves as little more than meager down-line lightning resistance.

Rule #6

Be particularly careful when using high power supplied to an antenna that has a balun. Always seek to
minimize VSWR to practical limits (3:1 or lower) in high power antenna systems. This care could
avoid internal damage due to voltage breakdown of the balun windings and provide many years of
faithful service.



